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within	 and	 among	 human	 communities	 and	 their	 institutions,	 par-
ticularly	those	related	to	resource	governance.	The	SES	framework	
was	developed	to	explain	the	many	complexities	of	these	relation-
ships,	 but	 also	 to	 characterize	what	 contexts	 and	processes	 could	
help	improve	the	management	of	natural	resources	(Ostrom,	2009).	
More	specifically,	SES	has	been	defined	as	 ‘a	system	that	 includes	




the	 benefits	 that	 natural	 resources	 provide	 to	 people	 and	 human	
stewardship	 of	 the	 environment.	 To	 date,	 limited	 evidence	 linking	





tive	management,	 the	 purpose	 is	 to	 track	 ecosystem	 change	 over	
time,	 assess	management	 implementation,	 and	 evaluate	 how	well	
objectives	 were	 achieved	 (Kendall	 &	 Moore,	 2012).	 Natural	 re-
source	 managers	 have	 monitored	 the	 biophysical	 status	 of	 eco-
systems	 for	 decades;	 however,	monitoring	 social	 systems	 has	 not	
been	 as	well	 defined	 nor	 have	 the	 links	 between	 biophysical	 and	
social	 systems	 been	 adequately	 addressed	 (Wongbusarakum	 &	
Heenan,	 2018).	 While	 conceptual	 frameworks	 for	 SES	 have	 ad-
vanced	(Ostrom,	2009),	practical	approaches	are	needed	to	examine	
human–environment	 interactions	 in	 different	 contexts	 and	 spe-
cific	 scales	 (Fleischman	 et	 al.,	 2014;	 Kittinger,	 Finkbeiner,	 Glazier,	
&	Crowder,	 2012).	 Integration	 of	monitoring	 efforts	may	 enhance	
the	understanding	of	human-derived	benefits	from	natural	systems	
and	 improve	 natural	 resource	 management.	 However,	 successful	
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2  | APPLYING INTERGR ATED 



















the	Guam	Coral	Reef	 Initiative	 (CRI),	established	 in	1997,	 to	address	
threats	to	coastal	habitats,	including	land-based	sources	of	pollution,	
unsustainable	fishing	practices	and	repeated	coral	bleaching	(Burdick	




sediment	 transport	 and	 streambank	 erosion	 (Camacho	 et	 al.,	 2016).	
Increased	frequency	and	severity	of	floods	and	sedimentation	impacts	
both	community	safety	and	nearshore	habitats	(NMFS	PIRO,	in	prep).
In	 2010,	 the	 CRI	 initiated	 efforts	 to	 improve	 the	 condition	 of	
nearshore	coral	reef	ecosystems	by	restoring	upland	areas	thereby	
reducing	 sedimentation	 (Figure	2A).	 These	efforts	 focused	on	 the	








based	management	 (EBM)	approach	 that	 included	priority	ecosys-
tem	services	and	desired	human	well-being	outcomes	(Figure	2B).
The	 modified	 approach	 aligned	 with	 the	 objectives	 of	 NOAA's	











An	 interdisciplinary	 team	was	 formed	 and	 included	 resource	 manag-
ers	 and	 aquatic,	 marine,	 terrestrial	 and	 social	 scientists	 from	NOAA,	
CRI	agencies,	and	the	University	of	Guam.	Together,	they	developed	a	
monitoring	strategy	to	assess	the	social	and	biophysical	conditions	of	the	









2.3 | Using baseline results of integrated monitoring 
to adapt MGHFA management
The	team	synthesized	the	baseline	datasets	to	update	the	conceptual	
management	model	(Figure	4).	This	model	illustrates	the	complex	link-
ages	 among:	 EBM	 strategies,	 expected	 changes	 in	 social-ecological	
conditions	resulting	from	management,	expected	changes	in	ecosystem	
















2.3.1 | Improved reef ecosystem health goal: 
Watershed restoration strategy
The	MGHFA	ecological	 strategy	 is	 to	 reduce	erosion,	 flooding	and	
sedimentation,	which	have	been	linked	with	a	decline	in	reef	health	
F I G U R E  1  Manell-Geus	Habitat	Focus	Area	is	located	in	southern	Guam	in	Micronesia	in	the	western	Pacific	(NMFS	PIRO,	in	prep)




shorter-term	 measures,	 such	 as	 installing	 vegetative	 buffers	 and	
fibre	rolls	(NMFS	PIRO,	2017).	The	expected	improvements	in	water	
quality	associated	with	reduced	sedimentation	should	translate	into	
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Methods: Household survey, 
interviews, and focus groups
Indicators:
• Levels of perceived risks and 
impacts of flooding on 
community and environment
• Levels of perceived risks and 
impacts of fires on community 
and environment
• Change in local food availability
• Dependence on stream fish and 
invertebrates










 Analyses of biophysical and social data sets to determine 
Short-term: Bamboo removal
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ecosystem	service	benefits	 related	to	provisioning	 (local	sea	food),	
cultural	 (aesthetics	 and	 recreation)	 and	 regulating	 (safety	 from	
floods)	services.
2.3.2 | Improved community resilience goal: Flood 
reduction strategy
The	 flood	 reduction	 strategy	 is	 based	on	 the	 initial	 baseline	 assess-












TA B L E  1   Indicators	for	Manell-Geus	Habitat	Focus	Area	(MGHFA)	integrating	monitoring.	Each	indicator	measures	the	current	status	of	
an	aspect	of	the	system	at	a	specific	point	in	time.	Indicators	align	with	the	management	strategies	and	goals	for	the	MGHFA
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2.3.3 | Engaged community capacity goal: Social 
preparation strategy
Habitat	 restoration	 success	 depends	 on	 community	 support.	 In	
turn,	support	requires	an	engaged	community	that	understands	the	
threats	facing	the	ecosystem	and	the	management	efforts	planned	
to	address	 those	 issues.	Coral	cover	has	declined	on	Guam's	 reefs	
in	 recent	 decades,	 including	 a	 60%	 reduction	 between	 2003	 and	
2014	 (NMFS	PIFSC,	2019).	However,	nearly	half	of	 the	household	
survey	respondents	perceived	coral	condition	to	be	good	and	even	
improved	over	 time	 (NMFS	PIRO,	 in	 prep).	 This	 contrast	 between	
biologically	measured	and	socially	perceived	ecosystem	status	could	





managers	 developed	 a	 social	 strategy	 to	 engage	 the	 community	
and	 activities	 to	 foster	 support	 for	management	 and	 increase	 the	




burning	workshops,	 expansion	 of	 citizen	 science	 programmes	 and	




monitoring	 informed	 adaptive	 management	 processes	 and	 im-
proved	management	 strategies	and	actions.	Figure	6	 illustrates	
how	 IM	was	 expanded	 and	 incorporated	 into	 the	management	
process	 over	 time.	 The	 site	was	 selected	 based	 on	 biophysical	
indicators	 of	 low	 coral	 cover	 and	 presence	 of	 highly	 erodible	





ments	were	 conducted	 to	 assess	 flooding	 risk	 and	 causes,	 and	
social	monitoring	was	introduced.	After	the	MGHFA	designation,	




and	 develop	 targeted	 approaches	 to	 reduce	 flooding.	 At	 this	
stage,	bamboo	removal,	increased	reforestation	and	inclusion	of	
native	plants	 in	 restoration	efforts	were	added	to	 the	manage-
ment	 strategies.	 Based	 on	 recent	 monitoring	 assessments	 and	
project	 performance,	 future	 strategies	 (Figure	 6,	 Future	 cycle)	
will	 likely	 include	reef	restoration	to	address	recent	declines	 in	
coral	 cover	 due	 to	 coral	 bleaching	 events,	 increased	 attention	
on	 fire	 prevention	 strategies	 and	 mangrove	 restoration	 to	 ad-
dress	 vulnerabilities	 to	 sea	 level	 rise	 identified	 in	 community	
assessments.
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F I G U R E  5  Community	members	in	Manell-Geus	Habitat	Focus	
Area	forest	restoration	efforts





sessments.	 The	 approach	 also	 considered	how	 changes	 in	 social	
and	 ecological	 systems	 could	 influence	 each	 other,	 and	 enabled	
a	 more	 holistic	 view	 of	 the	MGHFA.	 Such	 knowledge	 is	 critical	
to	 inform	and	 improve	adaptive	management	 strategies	 that	 ad-
dress	 biophysical	 and	 social	 conditions,	 while	 minimizing	 nega-
tive	 human	 well-being	 outcomes.	 Further,	 community	 support	
for	management	activities	 increased	when	community	priorities,	
such	as	safety	from	floods,	were	identified	and	incorporated	into	




of	 contaminants	 due	 to	 the	 incomplete	 remediation	 of	 a	 former	










methods	 or	 biophysical	 data	 alone.	 For	 instance,	 focus	 group	 dis-
cussions	revealed	the	tremendous	negative	psychological	impact	of	
flood	events	that	was	not	captured	in	the	flood	statistics.
Our	 case	 study	 demonstrates	 that	 IM	 can	 be	 implemented	
with	 limited	funding	and	resources.	Managers	were	hesitant	to	 in-
vest	 resources	 in	monitoring	 instead	 of	 implementation	 activities.	
However,	 through	an	 iterative	process,	 the	 team	 identified	 indica-
tors	 that	were	 informative,	 cost	effective	and	 repeatable.	All	 indi-
cators	 in	 Table	 1	will	 be	monitored	 every	 5	 years.	Key	 indicators,	































(Figure 2b) and community 
engagement 
(Figures 3 & 4)
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4  | CHALLENGES
Relying	on	existing	data	may	minimize	costs,	however,	finding	data	
at	 appropriate	 temporal	 and	 spatial	 scales	 to	 guide	 management	





national-level	 methodology.	 These	 data	 collected	 within	 the	 HFA	
can	be	compared	against	island-wide	trends.




disciplinary	 expertise	 to	 offer.	 Furthermore,	 there	was	 collective	




protocols	 used	 in	 studies	 with	 human	 subjects	 and	 required	 ap-
proval	by	relevant	organizations.	Additionally,	social	data	collection	
relied	on	trust	between	the	community	and	the	team.
Engaging	 scientists	 of	 different	 disciplines	 in	 a	 collaborative	
effort	 requires	 regular,	 effective	 interaction.	 In	Manell-Geus,	 sus-
taining	adequate	communication	was	particularly	challenging	as	the	
team	lacked	a	dedicated	coordinator	and	was	spread	across	multiple	
time	zones.	 Initial	meetings	 to	establish	 indicators	and	monitoring	
protocols	were	well	attended,	but	coordination	declined	as	the	proj-
ect	entered	its	time-consuming	implementation	phase.
5  | RECOMMENDATIONS FOR FUTURE 
INTEGR ATED MONITORING
Adaptive	 EBM	 is	 complex	 and	 should	 be	 informed	 by	 integrated	
approaches	 to	 monitoring	 and	 management.	 We	 recommend	 the	
following:
1.	 Establish	 policies	 and	 institutional	 support	 to	 sustain	 multidis-
ciplinary	 expertise	 and	 coordination	 long-term.	 Availability	 of	
dedicated	 funding	 and	 resources	 for	 site	 specific	 IM	 programs	
are	 fundamental.
2.	 Engage	 players	 early	 in	 the	 planning	 process,	 particularly	 dur-
ing	 the	development	of	 a	 conceptual	 systems	model,	 to	ensure	






and	 guide	 a	 cohesive	 IM	 process.	 The	 importance	 of	 effective	
facilitation	 cannot	 be	 underestimated.	 Authentic	 integration	
requires	more	 than	 bringing	 scientists	 from	multiple	 disciplines	
into	one	room.	Regular	team	meetings	promote	cross-disciplinary	
dialogue,	 underscore	 the	 value	 of	 diverse	 data	 streams,	 allow	










over	 the	 last	decade.	 In	 social	monitoring,	both	purposive	sam-
pling	design	for	key	informant	interviews	and	census	household	
survey	were	used.	The	purposive	sampling	design	screened	key	
community	members	who	had	 intimate	 knowledge	of	 the	 coral	
conditions.	Their	in-depth	local	ecological	knowledge	and	evalu-
ation	 of	 the	 reefs	 and	marine	 resources	 confirmed	 the	 biologi-
cal	monitoring	 results	and	revealed	 likely	causes	of	 the	decline.	
On	 the	other	hand,	 the	community	households,	overall,	 viewed	
conditions	of	coral	and	some	other	marine	resources	as	neutral.	
This	highlighted	the	gaps	of	marine	resource	knowledge	among	








communication	of	 results.	 Evaluating	different	 sets	of	 results	 and	
synthesizing	overall	 conclusions	 is	 essential	 to	developing	 a	more	
comprehensive	understanding	of	social–ecological	relationships.
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critical	 for	coastal	 resource	management	 success.	 IM	was	employed	
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